Plants may serve as reservoirs for human-associated bacteria (H-AB) in long-term space missions containing bioregeneradifferent levels of microbial competition.
reported changes in the human immune system and in microbiological infections during spaceflight [2] [3] [4] . Information from these studies indicates that spaceflight can be expected to result in a compromised human immune system and in a possible increase in the numbers and distribution of potentially pathogenic microorganisms.
The rhizosphere, where the continual input of readily assimilable organic substrates stimulates microbial growth, can contain up to 10 _ cells gramof root in plants grown in prototype hydroponic production systems [5, 6] . The growth of human pathogens as part of this large microbial population is a major concern due to the potential effects on human health. [I I] . The roots were shaken in 0.1% NaP solution containing glass beads (3 mm) for 3 rain, and the suspension was serially diluted on R2A agar. Plates were counted after two days of growth at 37°C. Root dry weights were determined immediately after the roots were dried at 70°C for 48 h.
Root colonization capac'io' assay
The roots of sterile, five-day-old wheat seedlings were soaked in 10 ml of bacterial suspensions of the respective H-AB as described above and grown for seven days in the bench-top plant growth chamber under the conditions outlined in Section 2.3. Enumeration of rhizosphere bacteria was performed following the protocol described in Section 2.4. Soil samples were taken from the top 10 cm of soil from an orange grove in Arcadia, Florida. The pH of the soil in distilled water was 4.5 The soil was mixed well and the soil bacteria were grown in 50-ml Erlenmeyer flasks containing 100 ml R2A broth and A. Morales et al./ FEMS Microbiology Ecology 20 (1996) A zero value did not actually indicate that the introduced bacteria were not present on the root, but rather that the introduced bacteria were below the minimum detectable level. Significant differences among treatments were determined at P < 0.05 by using single and double factor analyses of variance (ANOVA).
Microbial competition

Experimental design and statistical analyses 3. Results and discussion
The microbial diversity of samples was calculated from analysis of the colony morphology of 25 colonies grown on R2A agar plates. Each colony was given a six-number code based on the following
Adherence assay
Adherence to the root surface is one of the earliest steps in root colonization by bacteria. The adherence A. Morales et al, / FEMS Microbiology Ecology 20 ( 1996J 155 162 159 assay used in this study focused on the rapid, firm adhesion of each bacterium to the wheat roots. P.
aerugim_sa cells adhered to the roots of wheal in higher numbers than P. cepacia. E. coli, S. aureus, and S. pyogenes (Table 1 ). The number of cells that adhere to the roots in this assay can be affected by the density of microorganisms in the suspensions in which the roots are soaked. Since the cell density in the soaking solutions was slightly different among bacterial types as a result of different optical properties of the microorganisms we also compared the adherence abilities of the different bacteria by examining the percentage of the total bacteria in suspension that adhered to the roots ( Other studies may also look at H-AB cell wall-associated surface components that promote specific interactions with root surface cells.
Root colonization capacio'
Axenic conditions were difficult to maintain and some contamination was always present in these experiments.
The term 'attempted axenic conditions' will be used to more accurately describe the condi- N,/N,,) ]. See Section 2.7.
A. Morales et al. / FEMS Microbiology Ecology 20 (1996) to reach and utilize exudates as the roots grow.
Microbial competition
The capacity of these H-AB to colonize the rhizosphere will also depend on their ability to compete with other potential root colonizers for resources Table 3 Effects of microbial competition on the survival of Pseudomonas aeruginosa in the rhizosphere of wheat 
